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ABSTRACT: Good firmness Is an essential property of acceptable cigarette firmness. Unfor- 
. t ' tunately, good firmness is not always consistent with the desired pressure drop, 
weight, and filtration performance. The factors that affect final filter firm- 
•,,-v ness were studied by measuring the TEC hardness of systematically selected 
filter specifications after complete curing had taken place. The effects of 
filter specifications on filter firmness were qqantitatively described based on 
the results of these experiments, and predictive models were derived. The 
filter tow parameters studied were denier per filament, total denier, and fiber 
- cross section. The filter rod variables investigated include retained crimp 
ratio, circumference, plasticizer level, and plugwrap type. In addition, filter 
firmness was measured as a function of the force applied by the hardness tester, 
and these results were used to interrelate TEC and Filtrona hardness values. 
The qualitative results of the study indicate that.filter firmness is improved 
by increasing plasticizer levels, denier per filament, total denier, and 
retained crimp ratio or by decreasing rod circumference. However, because all 
these factors are interactive, it is not always obvious how firmness will be 
affected when several filter specifications are changed simultaneously. The use 
of the quantitative, predictive model derived in this study is essential for 
determining firmness changes in these cases. 


REVIEW: Firmness is an Important filter parameter that should not be neglected in the 
design and construction of cigarettes. In this study, the factors affecting 
filter firmness were clearly outlined and ranked in order of their relative 
significance. A mathematical model was derived for predicting firmness with 
given filter design specifications. All the filters used 1 Y* cross-section tow 
items and a curing period of one month. KDF2/AF2 equipment was used to process 
the tow. No process variables were addr-essed in this study. The study shows 
that the three most significant factors affecting filter firmness are: 1) 
retained crimp ratio (RCR), 2) total dfenier, and 3) triacetin level. It was 
reported that increasing triacetin level results in firmer filters. This is 
accurate up to an application level of approximately 12-13%. At these higher 
application levels, the plasticizer lowers the glass transition temperature of 
the cellulose acetate which can result in shrinkage of the fibers on the final 
puffs. The type of plasticizer used effects filter firmness. Triacetin 
■ produced a firmer filter than an equivalent application of TEGDA, but a 50/50 
mixture of the two produces the firmest finished product. The effect of plug- 
wrap on filter firmness was also investigated. No correlation was found between 
filter firmness and plugwrap porosity, density, caliper, or stiffness, but an 
excellent linear correlation was observed for plugwrap basis weight and filter 
firmness. 
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